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Abstract
Clostridium difficile PCR ribotype 046 was found in 67% of neonatal
piglets (45/67) sampled from three separate pig-breeding farms in
Sweden. Sows from the same farms were tested and 50% were
colonized in faeces and 30% were colonized on skin. An
environmental source was suggested because identical PCR
ribotypes were isolated from faeces as well as externally. Human
C. difficile infection outbreaks in southern Sweden by the identical
PCR ribotype 046 indicate its zoonotic potential.
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Introduction
Intestinal human Clostridium difficile infection in hospital settings
following antibiotic treatment is well described; causing symp-
toms from mild diarrhoea to fatal pseudomembranous colitis.
In recent years, North America and Europe have suffered
major C. difficile infection epidemics, particularly, due to the
C. difficile 027/NAP1 epidemic strain [1]. Resistant spores
enable spread in the environment [2,3] and C. difficile coloni-
zation is common in various domestic and wild animals [4].
Enteric disease similar to that in humans has been described in
pigs as scouring, which occurs most commonly in neonatal
piglets (<7 days of age) [5,6]. The clinical correlate has been
documented by bacterial challenge [7,8], but similar to in
humans, the role of C. difficile as an aetiological agent of
infection in pigs in the absence of diarrhoea is debated [9].
Neonatal colonization often occurs on the first day of life [3]
and, in several countries where this has been studied, the
predominant PCR ribotype in pigs as well as cattle has been
078. For example, PCR ribotype 078 accounted for 83–100% of
isolates in North America [10] and the Netherlands [3], but has
been absent in some countries, such as Australia [11]. Increase
of this ribotype in human community C. difficile infection in the
Netherlands has suggested a zoonotic pig farm origin [12]. In
Sweden there are only domestic data on horses [13] and one
publication on C. difficile in retail meat products [14], but none
of those studies included PCR ribotyping of C. difficile isolates.
Among humans in Sweden, there have been only eight
non-related sporadic moxifloxacin-resistant 027/NAP1 iso-
lated from clinical cases of C. difficile infection and this virulent
strain was not found in the latest reported national survey
from 2011. Instead, other epidemic strains (PCR ribotypes
012, 017 and 046) have been successfully spreading, with local
geographical clustering (Table 1) [15; Thomas Akerlund,
personal communication]. The claimed zoonotic, PCR ribo-
type 078, is the third most common PCR ribotype in Europe
(8%), compared with ribotype 046 (2%) [16], whereas
ribotypes 078 and 046 in Sweden constituted approximately
5% and 3% of all isolates, respectively [15]. From 2009 to 2012,
PCR ribotype 046 has evolved, causing an insidious nosocomial
outbreak in J€onk€oping county of southern Sweden, with a local
prevalence of about 20–30% of clinical isolates compared with
0 to <5% in other parts of Sweden [15; Thomas Akerlund,
personal communication]. Data from the national surveillance
point-prevalence typing from 2011 (Swedish Institute for
Infectious Disease Control, Solna, Sweden) show that 54%
(7/13) of the national 046 isolates were from J€onk€oping county
(Table 1; ThomasAkerlund, personal communication) and the
nosocomial burden this year was estimated to be 22.5
C. difficile infections per 10 000 bed-days at the epicentre
hospital (www.smittskyddsinstitutet.se).
We have for the first time in Sweden investigated the
prevalence of C. difficile (and existing PCR ribotypes) in
neonatal pigs and delivering sows, and related the findings to
human clinical PCR ribotypes.
Materials and Methods
Three pig-breeding farms (referred to as A, B and C) of similar
size (about 2500 pigs) and located in central Sweden, c.200 km
north of J€onk€oping county, were surveyed. The farms,
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belonging to three separate companies, were located 20–
50 km apart and were investigated on a voluntary basis during
May–November 2012. All farms had reported increased
scouring in previous 3 years with a general neonatal piglet
mortality of 15–16%. Trimethoprim/sulfamethoxazole was
almost exclusively used to treat the scouring piglets. Five
piglets from four different farrowing crates in each farm were
swabbed rectally. In total, 67 piglets were sampled irrespective
of signs of diarrhoea or growth retardation. A rectal swab and
a dry shoulder skin-swab were collected from the sows of each
corresponding crate. In the same manner, 25 sows from a sow
insemination farm (referred to as D), devoid of any piglets,
were sampled. This farm supplied farms B and C with
delivering sows on a regular basis, whereas farm A had its
own sow production. Farm A was the only farm willing to
allow sampling of clothing and boots (n = 7, Table 2) as
environmental items.
All swabs were inoculated on site into 9-mL pre-reduced
moxalactam-norfloxacin broth with 0.1% taurocholate [17]
and incubated anaerobically at 37°C for 7 days. A 3-mL
sample of the broth was ethanol-shocked (99.5% ethanol;
1 : 1) for 1 h. After centrifugation (3200 g, 10 min), the pellet
was cultured anaerobically on cycloserine-cefoxitin-fructose
agar for 48 h. Clostridium difficile was species-verified using a
slide test (C. difficile test kitTM; Oxoid, Basingstoke, UK).
Detection of a conserved target sequence within tcdA (toxin
A gene) was carried out using IllumigeneTM C. difficile (Meridian
Bioscience Inc., Cincinnati, OH, USA). Phenotypic toxin
production was investigated using C diff Quik Chek Com-
plete (Blacksburg, VA, USA) and antimicrobial susceptibility
testing was performed using Etest (BioMerieux SA, Lyon,
France) as previously described [18]. The PCR ribotyping was
performed as described elsewhere [19,20] and the interna-
tionally agreed nomenclature (ECDC-Cardiff collection) was
used for all ribotypes available in this collection. The PCR
ribotype 046 reference strain was kindly provided by Ed
Kuijper, Department of Medical Microbiology, University
Medical Centre, Leiden, the Netherlands. Finally, all rectal
swabs were also screened for extended spectrum b-lactam-
ase-producing bacteria on CHROMagarTM ESBL (CHROMagar,
Paris, France).
Results
A total of 110 rectal swabs were sampled from three
pig-breeding farms and one sow-insemination farm (Table 2).
All sampling was from crates with scouring piglets but no
specific selection of symptomatic individuals was pursued.
None of the sows were scouring. The piglets showed a 45/67
(67%) C. difficile positivity rate and all isolates were correlated
by toxin-positivity (tcdA+, toxin A/B+) and by positive spe-
cies-specific latex-test. All isolates belonged to PCR ribotype
046. However, none of the 67 rectal swabs were positive for
extended spectrum b-lactamase. Of the sows from the
pig-breeding farms, 50% were colonized (4/8, farm B+C) and
30% were skin positive (3/10, farm A). Of these seven isolates
all but one was of PCR ribotype 046. The remaining isolate
clustered with PCR ribotype 078, but differed by one band
from the PCR ribotype European 078 reference strain. In
contrast, none of the sows in the insemination farm (farm D)
had positive rectal (n = 25) or skin (n = 10) swabs, nor were
TABLE 1. National surveillance of Clostridium difficile by PCR ribotyping in Sweden 2011 (n = 426)a
Geographical area
PCR ribotypeb
001 012 014 017 020 023 046 078 SE 21 SE 37 Other Total
Blekinge 2 1 0 0 0 1 0 3 1 0 3 11
Dalarna 1 0 0 0 1 3 0 0 0 1 3 9
G€avleborg 2 1 2 2 1 3 0 1 0 0 5 17
Halland 0 0 1 1 1 0 0 0 0 0 14 17
J€amtland 0 0 1 0 0 0 0 0 1 0 8 10
J€onk€oping 2 0 2 0 3 2 7c 1 1 0 15 33
Kalmar 2 0 1 0 3 0 0 0 0 0 10 16
Kronoberg 1 0 0 0 2 0 0 0 0 0 8 11
Norrbotten 1 0 1 1 1 0 0 0 2 1 4 11
Skane 2 0 4 0 0 2 0 1 3 0 16 28
Stockholm 6 1 5 1 5 3 0 6 5 2 50 84
S€odermanland 0 0 1 0 0 0 0 1 2 0 7 11
Uppsala 1 4 0 0 5 0 2 0 0 4 20 36
V€armland 0 0 0 0 1 0 0 1 2 0 5 9
V€asterbotten 0 0 0 1 0 1 0 0 0 0 2 4
V€asternorrland 0 1 0 0 1 1 0 0 1 0 7 11
V€astmanland 0 5 0 1 2 1 1 1 1 0 3 15
V€astra G€otaland 2 4 4 0 3 1 1 1 8 0 33 57
€Orebro 1 0 1 0 0 3 0 0 2 0 11 18
€Osterg€otland 0 6 1 1 2 0 2 2 1 0 3 18
Total 23 23 24 8 31 21 13 18 30 8 227 426
aSwedish Institute for Communicable Disease Control, 2-week point-prevalence survey, personal communication Thomas Akerlund.
bInternational nomenclature (ECDC-Cardiff collection) and when reference strains were missing, SE-type (Swedish nomenclature) was used.
cEpidemic PCR ribotype 046 constituted 53% of national isolates and 21% of local ribotypes.
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the two voluntary faecal samples from human farm workers on
this farm found to be positive, indicating a local piglet farm
transmission only (Table 2). However, great limitations exist
because of the low number of environmental samples as well
as the small contribution from farm workers and, accordingly,
further studies are needed.
At the same time (2011–2012), there was a persistent PCR
ribotype 046 human C. difficile infection outbreak in the
southern part of Sweden (J€onk€oping county; about 200 km
from the surveyed pig-breeding farms) with a local prevalence
of about 30% of clinical isolates (Thomas Akerlund, personal
communication). The 2011 national point-prevalence surveil-
lance study supports this local outbreak, in that 7/13 of the
national ribotype 046 isolates were reported from the
outbreak area (Table 1). In PCR ribotyping, all but one of
these human C. difficile infection outbreak isolates, piglet
isolates (identified in the present study) and low-prevalence
PCR ribotype 046 isolates (from €Orebro county, Table 1)
showed indistinguishable banding patterns (Fig. 1). Phenotyp-
ically, antimicrobial susceptibility testing showed multidrug
resistance in the human isolates; however, the pig isolates
were fully resistant to only trimethoprim/sulfamethoxazole
(Table 3).
Discussion and Conclusions
In the present study, C. difficile colonization of piglets in
Sweden is described for the first time. Similar to studies in
some other countries, we found an early colonization rate of
67% (median age 12 days) [3,21,22]. However, in contrast to
previous studies from other countries describing the
TABLE 2. Presence of Clostridium difficile in sows, piglets and environment in three geographically distant pig-breeding farms (A–





C. difficile PCR ribotype
Rectal Skin Other 046 078 ESBLa
A Sows (pb 1/1/1/3) 20 na 0/10 3/10 3 0 0
Piglets 22 11 (0.5–12) 13/22 13 0 0
Clothes and boots 7 1/7c 1
B Sows (pb 5/2/6/7) 4 na 2/4 nd 1 1 d 0
Piglets 20 16 (16) 15/20 15 0 0
C Sows (pb 1/1/1) 4 na 2/4 nd 2 0 0
Piglets 25 10 (9–12) 17/25 17 0 0
D Sows 35 na 0/25 0/10 0 0 0
Human worker 2 0/2 0 0 0
aExtended spectrum b-lactamase (ESBL) was detected by using CHROMagar ESBL plates and a positive ESBL control Klebsiella pneumoniae.
bp indicates partus or number of pregnancies each sow has experienced.
cEnvironmental swabbing of surfaces from workers’ clothing, caps, boots yielded only one positive boot-top.
dActual isolate differed by one band but clustered in the 078 European classification. Further typing under way.
FIG. 1. SDS–PAGE patterns [19,20] of
20 Clostridium difficile PCR ribotype 046
isolates of human and neonatal pig origin.
The first four lanes show human
non-outbreak isolates from Örebro
county and lanes five to eight show
isolates from the human nosocomial 046
outbreak in southern Sweden. Remaining
lanes display seven pig isolates from rectal
swabs and environment, and finally the
ECDC-Cardiff collection PCR ribotype
046 reference strain.
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dominant PCR ribotype 078 in pigs [3,10], we discovered
PCR ribotype 046 isolates in all our C. difficile-positive piglets.
Interestingly, this ribotype was also involved in a recent
human C. difficile infection epidemic in southern Sweden. Even
though the pathological significance of toxigenic C. difficile in
pigs seems to correlate well with neonatal scouring [7,8], our
sampling was random and did not target scouring piglets only.
The absence of C. difficile among sows in farm D could reflect
transient rapid contamination as observed by others [3,21]
during farrowing from crates or delivered piglets, because
they tested negative shortly after return for re-insemination.
This possibly relates to acquired immunity as colonization
varies greatly depending on age, explaining why carriage or
disease rarely exists in finishing pigs [21]. Environmental
sampling at pig-breeding farm A identified 3/10 PCR ribotype
046-positive skin samples from sows and all three were
negative rectally (Table 2). Still, one of them had two
10-hour-old piglets that tested positive rectally for PCR
ribotype 046, suggesting common colonization from the crate
environment. No extended spectrum b-lactamase-producing
gram-negative bacteria were found in the samples and
together with the more antimicrobial susceptible phenotype
of the PCR ribotype 046 piglet isolates this could reflect the
low level of antimicrobial usage in the pig industry of Sweden
[23]. Shared pig and human PCR ribotype does not neces-
sarily mean the presence of inter-species transmission and
common source exposure could be distant in time [24]. For
example, the discrepancies in antimicrobial susceptibility
pattern (Table 3) may indicate selection pressure due to
nosocomial antibiotic use in humans as well as to the
common use of mostly trimethoprim/sulfamethoxazole in
piglets in Sweden. Additional typing, including whole genome
sequencing, of the PCR ribotype 046 isolates from pigs as
well as humans has been initiated to resolve the similarities of
the isolates in detail. The possibility of farm workers as
asymptomatic vectors into the hospital setting and in the
opposite direction has to be further tracked by expanded
sampling and typing. Nevertheless, the high neonatal carriage
in piglets could play a role in scouring, growth retardation
and production. Improved environmental cleaning seems
imperative to reduce spore transmission.
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